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Th 

ncw in th ^ ^ ’ nves Hgation introduce factors entirely 

cal proc ^ CSs,en ^ a ^ features and at variance with the cytologi- 
t 0r coeno CS ' COnnec * ec ^ with fertilization previously described 
of the pa >^ lC ° r °^ er ^ orms of plants or animals. The title 

hesitated bef Su ^ es ^ a contradiction of terms. The writer 

seemed bet ^ US ' n ^ ^ le ex P ress *on compound oosphere, but it 

Oosphere u-L ^ ^ Cast ^ or ^ le P resen t» to modify the term 

>othat it wo Li ^ ecome firml y fixed in descriptive botany 

Lrture invesf ex P res s the peculiar conditions here set forth. If 

compound ^ a ^ ons should indicate that the peculiarities of the 

introduce n Cre are no ^ exce ptional, it may be necessary to 

a n evv term « j* . J J 

°f fertil, - 7 , f - Jndicating the conditions and the process 

A com? prCSented in this paper. 

^ compound ooanW- ; V F . 

honal sexual nu 1 • nere ls one containing several or many func- 
^' es tructu re of C C1 ‘H ea violates the present conception of 

rjrri > and f Urt u Ce ^ as ^ ex ists throughout the plant king- 

e rmore, so far as the writer is able to judge, the 


<k 
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ova of animals present no such peculiarity. If there is rr 
character that defines the oosphere and ovum it appears to be th: 
presence in the cytoplasm of a single female nucleus that is nor¬ 
mally fertilized by a single male nucleus. In Albugo Bliti by 
however, the mature oosphere contains many female nuclei, -in 
fertilization is effected by the discharge of many male nuclei ftcx 
the antheridial tube and their subsequent fusion with the ferna 
nuclei in pairs. An oospore results from this multiple sex • 
act with about one hundred fusion nuclei, which remain in th 

resting condition until germination. The existence of such cor- 

ditions must be supported by strong evidence, and great cauti 
should be exercised in interpreting the data upon which tn< 
conclusions are based. 


One is partially prepared, however, for the acceptance of $u» 
conditions as these by the thought that the form under con-sido* 
ation is a coenocyte, and that comparatively little is knownc 

the behavior of the nuclei and cytoplasm in such structures 

Excellent summaries of current knowledge are given by Hu. 
phrey (’92), Zimmerman (’96), and Wager (’96). It is unneo- 
sary, in view of the existence of these accounts, to enter i~** 


details here. Suffice it to say that in several (Monoblep 




dinacem, Entomophthoraceae, and Chytridineae) of the n> a - 

w .Aft . ^ 1 * 

• m | T* 


r • 

coenocytic groups the behavior of the nuclei in fertilizatiOi 
practically unknown. In those groups of which there is 


- IF •«, All L1J 1 V U po w JL - >1 

knowledge (Saprolegniaceae, Peronosporeae, Zygomycetes. ^ 

_ . . * . 


^ w * —-j f + * 9 . 

Siphonem) concordant results have not vet been attaint 
_ . J a; 


example, in the Saprolegniaceae the question is s 


still in 


TT#r 


whether or not fertilization occurs (Ilartog ’ 95 » Trow 95 )* 

a 1 n • « ' / 1_ .aA* 


it 


_ ^ ^ - ^ ^ . 3 

the Siphoneae the two most comprehensive papers (Be re 

1 a. _ • \ it a 


sV 




Oltmanns , 95 ) upon the one genus (Vaucheria) that ha- ^ 


investigated disagree essentially as to the events leading 

It ~ ^ l | • _ f i | 




u J • n up* 

development of the oosphere. The process of fertile® ® 

- * - 1 • the • 


cribed for the Zygomycetes by Leger (’95) involves 


phenomenon of the fusion of nuclear complexes 


The pioneer work on the histology of the Peronospof® 


CP 




mf 


Perotiosponi parasitica in 1890, was follow 


ed by * 
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article by the same author in 1896 on Albugo cundidus. Berlcse 

in 1898 published an article on the entire group. It appears that 

i'»'t of the study of the histology of coenocytic fungi has been 

concerned with the Peronosporeae, but even here the data are vet 

t0u scanty to admit of any wide generalizations. The improve- 

nents in technique during recent years should be held in mind, 

•is much of the discrepancy between the earlier and later results 
fltty be thus explained. 


W 


aget s work (’96) should be consulted for a comprehensive 
summary of the knowledge up to the time when he published the 
WSiritsof his investigations. For Albugo candidus his own research 
shows a condition where the antheridial tube liberates one sperm 


in 


the 


nucleus which fuses with the solitary female nucleusl l|l I 
ucplasm. He employed corrosive sublimate in saturated aqueous 
-iUtion as a fixing agent, and stained the sections with Hartog’s 
^•^rosin-carmine. In his earlier work on Peronospora Wager 
'cribes a multinucleate oogonium and antheridium. The nuclei 

flivitJ 6 ma ^ Ur ' n ^ °°gonium pass to the periphery, where they 
c mitotically. Two or three then return to the center and 

probabl 

ntheridial nuclei divide simultaneously with those of the 

frit « * ^ '■ t J ' r* r J 

^ ‘ le a ntheridial tube contains one or more nuclei, 

. ^ nt ^ na lly having many less than it had at an earlier 

his material was fixed by either absolute alcohol or 
bromic arirl J 

. and stained with Kleinenberg’s haematoxylin. 

■crtilizat’ ° ^ our figures .to illustrate the development and 
trans f o 0n H. PortulaceB , but his description of the nuclear 

.^ rmatl ° n * s not Illustrated. All statements concerning 


V use, as only one nucleus is found there at a later stage. 


num 


?° seem to have been based on either this species or herba- 


of IVr^ mens °f other species. He studied also four species 

w ‘ rer onosn 0 ra , .... .. ' 

a lcohol l ' ror a killing agent he used either 95 per cent. 

, c H Cac i d C ° h0llC corr °sive sublimate, Flemming’s solution, or 

nigr^in ' * s ^ a * ne< ^ u 'ith Flemming’s triple stain or Hartog’s 
de$ ] af( , arrnine * kurther reference will be made to these arti- 

paper. 


e results 


presented in this paper were obtained mainly 
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from material fixed in chrom-acetic acid, cut in serial section.'-it 
paraffine, and stained on the slide by Flemming’s triple star 
Por full details regarding methods the reader is referred to' 
end of the paper. This investigation was begun in 189;. : • 
year being spent in the botanical laboratory of the Ohio Sum 
U niversity through the kindness of Dr. W. A. Kellerman. I ' 
indebted to Mr. J. H. Schaffner for many courtesies during : 
work at the same institution. Since the summer of 1898 tic 
study has been continued under the direction of Dr. Bradltr 
Moore Davis in the Hull Botanical laboratory of the Lniver- 
of Chicago, where I have also received helpful advice and s- 
gestions from Dr. J. M. Coulter and the members of the bot-' 
cal staff. I wish to express my thanks to my wife for much nK* 
assistance, in particular for the preparation of Plate XV. 


DEVELOPMENT OF THE OOGONIUM AND ANTHERIDlllM. 

The character of the mycelium of Albugo varies with tx 
nature of the host tissue. The hyphae are slender where 
cells of the host are thick-walled and placed close together 
while in loose tissue they may swell to a considerable diani 
Fig- 4 2 shows the general structure of the hyphae, the rour.di- 
nuclei, each with a prominent nucleolus and membrane, 1**“ 
distributed irregularly through the vacuolate cytoplasm- 

single nucleus is represented in Jig. /. It is worthy of attend 
principally because of its very faint linin network. It ha 
actual diameter of from 2—2 t; u 

rails be* 




rhe oogonium may be terminal or intercalary, 

_ ■ j ■ • _ At 


its w 


v-^ J ^ * ****** * v/ * • - j 

simply the greatly expanded mycelial wall, as is evidenc • 

iL _ r 1 J , v ,rtf 


the frequent persistence ol haustoria on its surface ^ 
early stages of developing oogonia may be distinguish^ 
enlarged mycelia by certain peculiarities of the protopl# 11 

43 ) The nuclei are elongated, the vacuoles are angular aD 
torted, and the cytoplasm is drawn into stringy bands. ^ 

which gives evidence of a disturbance not present in the 0 

_ _ 1 • __ _ * i.-f 111 


mycelium. 


These peculiarities are frequently evident 
tative hyphae a distance of 200 from the develop|fl|f! 0 5^B 
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>:milar appearances were noted by Istvanffi (’95) and Wager 

’96), and their explanation is undoubtedly the true one, namely, 

that the protoplasm was rapidly flowing from the mycelium to 

ill the enlarging oogonium. When sufficient nucleated proto- 

pbs :i has entered the developing oogonium, this structure is cut 

f.tt from the hyphae by a septum at the point of enlargement 

'M- 44 )- The oogonium is now fully differentiated from the 

-.'t-tative hyphae, the nuclei recover their original form and lie 

a and somewhat granular cytoplasm. The 

'■ l,:ra l appearance of the oogonium and its contents may be 
*en in fig. A, 


The antheridium develops simultaneously with the oogo- 
• ! i> rn, but gives no evidence of the flowing of the protoplasm 
tto the grewang structure. Probably owing to the small size of 
‘hi-> organ there is but little disturbance as it fills with proto- 
P*a$.n. It becomes cut off from the parent hypha and the con- 
s are similar in appearance to those of the oogonium as is 


fig 

e nios f conspicuous feature in this early development of 

oogonium is the increase in the size of the nuclei. This 
seem 


to occur somewhat rapidly just before the oogonium has 
^ s ize. As the nuclei grow larger the linin net- 

eConics niuc h more prominent, until finallv it assumes a 


T y charac teristic structure 



b 


the form of large 



meshes, the 

e >ng coarse, densely staining, and apparently homo- 

Wr, rk 10 S ^ ruc ^ ure * The whole appears to be a connected net- 

a | ^ es a S a i° s t the nuclear membrane. When the threads 
th . rans ' erse v ’iew they appear as round or oblong bodies 
(jjtjon J ^ Ze n >-*cleoli, but staining differently. This con- 

ai s * 6 nuc ^ eus » which is shown in fig. j, may be regarded 
ing’ in^ h Cm StagC ° f Carly mitosis - White the nuclei are pass- 
lt is S C< ^ nt ^*^ on ^e oogonium wall thickens slightly, 
mined m ** ^ me that the number of nuclei may be deter* 
to t ? St tasil .V and accurately. The count ranged from 226 

allowance f Snia ^ ei num ber being quite exceptional. Making 

0r the fact that several nuclei may readily have been 
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counted twice in adjacent sections, it would perhaps be fair 
place the average at about 250. Wager found 115 in A. Candidas, 
and Berlese 200 in A. PortulaccB. It is very difficult to make an 
accurate count in the antheridium, because this structure is -a 
small and of such irregular shape that it is impossible to rec . 
nize its limits in adjacent sections. However, an average 
on several counts indicates that the number is likely to beaboi 
35. This number is considerably greater than that suggested 
by either Wager or Berlese, both of whom report about 12 nude: 
in the antheridium. 



When the oogonial nuclei are passing into the spirem 




cono 


Hautschicht 


the vicinity of the antheridium. This fact is demonstrated most 
clearly in preparations where there has been slight collapse 0. 


(M 


pC'l3t 


opposite the antheridium. This 


Hautschi 


L 



l- 


m to 

•UlA 


foration, through which the cytoplasm 


correlated with a very marked granulation of the cytoplas 
this region, a phenomenon also noted by Wager, and o ne " |C 
seems to be significant. It suggests that a cellulose enzy- 
is secreted to dissolve the wall of the oogonium. "‘ s 
cated in Jigs. 48, 49, 50, this wall frequently shows the mark- 
corrosion over a considerable area, always at a point opp * 
the antheridium. This interesting process results in a nea 1 

of the oogonium 

as to form a verv conspicuous swollen papilla within the a ^ 

idium. Various stages in this process are shown in fijP* ^ 

It is difficult to explain this phenomenon. The initiator) s ^ 
the perforation of the oogonium wall seems without dou 

O ■' ., IIS®» Tltlt’ 

taken by the protoplasm of the oogonium itself- ^ 

the significance of the pushing of the cytoplasm of the o0 “ l 
into the antheridium to form the peculiar bubblediljjgPj^® 
The structure, both wall and contents, stains deeply* t uS ^ 

ing very conspicuous, while its extremely freq uen ^° cC 



( ^ v ^ w V-l V. 4 U j if 1111 V-* I L U L 1 k JL + w * T X |, || 

as well as its presence in other species, seems to indica 
is not abnormal. The papilla w r all is so extremel) thin 




0 
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nay only conjecture whether or not it is derived from the anther¬ 
idium wall. The history of the papilla beyond the stage shown 
in Jig. is not clear. In this condition the structure is very 
thin-walled and its contents vacuolate, resembling a large irreg¬ 
ular compound bubble. Whether the delicate wall now bursts or 
the contents are gradually withdrawn into the oogonium is uncer¬ 
tain. At all events, the papilla in later stages leaves no trace of 
its former existence. There follows at a later period conditions 
'Ttv*- 5 ^< 57) which show that there is certainly a movement of 
ne cytoplasm in the opposite direction, the antheridium extend- 
In ? a process with a cell wall through the opening into the oogo- 
ni lrn * The first surge of the cytoplasm from the oogonium into 
me antheridium may be due simply to the unequal conditions of 
tur £ or in the two structures, but it is possible that there is also a 
! jlogenetic significance in the phenomenon. The occurrence 
o* similar structures in A. candidus and A. Portulactz shows it to 
he of some import. Such a papilla in a much less highly devel¬ 
oped form is figured by Way'er and referred to as the receptive 

papilla. f ' _ 

The antheridial tube presses into the oogonium in the form 
* a slender thin-walled nrnrp<?<! (jfyrs. $6 . s 7 V It is filled with 


dense 


53tv> 3* * F ^ \J & w/ ’ J f / ’ 

cytoplasm that greedily absorbs and retains stain, and is 

i_ , ... *' — , 


The nuclei 


roun ded by a sheath of dense oogonial cytoplasm. 

, ain ' n antheridium, none entering the tube at this time, 

‘ are indistinguishable in size and structure from those in the 

*hat d Ufn They are also in the spirem condition, similar to 
f' rth CbCr *k ec * ^ or the oogonial nuclei. The description of the 
.] development of the antheridial tube is deferred, to follow 
ccount of the differentiation of the compound oosphere. 

1FFER entiation of the compound oosphere. 
previous description carries the history of the sex organs 

n when the antheridial tube has penetrated the 

Correlafr 111 ! 0110 ^° Ur ^ or one hfth the diameter of that structure. 

° Cc ur$ th ^ urt ^ er development of the tube there 

differentiation of the periplasm and ooplasm, and the 


U P to 
°°goni 
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extrusion of the nuclei from the central region of the oogo-. x 
The process consists essentially in a centripetal movement! 
the cytoplasm, and results in a massing of this cytoplasm in tbs 
center of the oogonium in such a manner that the vacuoles 




nuclei are carried to the periphery of the denser central port.: 
thus developed. Behrens ( 90, 315) describes a somewhat 
condition in Vaucheria as follows: “ Der gauze Yorgang 
also in der Ablosung des grossten Theils der Protoplasten vrr. :r 
Wand durch Vacuolisation der wandstandigen Plasmaschichtcr. 

mfm B m 1MH y % * p i O T 1 

This curious phenomenon was noted by W ager in A. candiM 
and subsequently by Berlese in A. Portulacce. The proce.'j 




K 'f 


heretofore described is simple. In A. Bliti it is complex, 
unique and lull of interest; and as a complete knowledge -• 


essential to an understanding of the further development otP 
oosphere a detailed description must be given. 

The first hint of the centripetal aggregation is found (H 1 
tendency of the cytoplasm to depart from the even distributive 
shown by a young oogonium, and to collect in masses throu_* 
out the interior ( fig . 5$). These denser portions run tog in¬ 
forming fewer but larger masses {fig- 59 )- Thus several pro® 
nent aggregations of cytoplasm may be formed, separated 
one another and from the wall by vacuoles of varying siz<^ 


60). These denser regions are homogeneous in structure, 

O O httfiiA 111 

taining minute vacuoles of uniform size evenly .distribW^^B 

* nc 

matrix of cytoplasm free from granules. The dense regio • 
tain no nuclei, because these are forced from the dense c) >-p 
to a position on its periphery. The dense centers now 
forcing out the vacuoles. This may result immediatel) 
condition shown in fig. 6/, but frequently the coalescencep ^ 

more slowly and irregularly, and often a reniform mass is 
the indentation on one side marking the juncture xetto 
The last gap narrows until only a few vacuoles remain 
its track {fig. 61 ), and these soon float outward leauOo .. 

r. 64 - #)• J 

• - ~ ~ x w 1*1 

the vacuoles pass outward they often leave captive nuc e ^ 
wake {figs . 61 , 62 , 6d) , but these soon follow. A typ 




of cytoplasm, the rudimentary oosphere ( fig- 
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"fig 


The outer region 


of the oogonium, the rudimentary periplasm, is coarsely vacuo- 

hte, presenting a conspicuous contrast to the dense central mass. 

Along the boundary between these two regions are gathered most 
oi the nuclei {Jig. 64). 

The next stage in the differentiation of the oosphere is con¬ 
spicuous and clearly characterized. It ends in producing a dis¬ 
tinct differentiation between the oosphere and the periplasm 
fg- ^S)- This condition is brought about primarily by the mar- 
M'il.ug of the nuclei into an oval or an irregular hollow sphere* 
d ection of which is shown in jig. 6j, while a somewhat earlier 

is to be seen in Jig. 64. Both figures illustrate the one 
important fact that all or nearly all of the nuclei are at the 


boundary of the central den 


se mass. The latter figure in addition 


° WS there is a sharp line of demarcation between the 
f .asm and periplasm. There are usually a few scattered nuclei 
the periplasm, and occasionally one finds a nucleus in the 
; here that has not passed out as rapidly as the others. 

01 port ant changes occur in the cytoplasm while the nuclei are 
Jjtng themselves into a hollow sphere. At the beginning of 

vac V° CCS * S re ^ on is to become periplasm is coarsely 

c r 'te ^ ®n*"ked contrast to the dense cytoplasm of the 

i- 'tt I ^ * W ° re ^* ons blend gradually' together where they' 


wan 

thi 


een the 


O' 


° 2 ' ^ ater w hen the hollow sphere of nuclei 

, ja . 0le regular in outline idense granular cytoplasm is 

undated around and betw 
inner h ri 

ciit re t‘ ° r CI rudimen tary periplasm also becomes 

region of h 1 more dense l} r granulated than any other 

Sphere ^ 0,J >? on * um » and finally' determines the limit of the 

HrllHie * s not yet an organized wall, and the most 

• y reveals nothing more than a dense film of proto- 

lOnation ** co ® ve ®* en t to call this condition the stage of 


Cr *tical 
plasm 


Th 


CVc nts lead'^ 10n s * a ^ e donation in the sequence of 

With th^ !° ^ le differentiation of the oosphere is clear. 

Ijjl > - ition comes the characteristic and sharp limitation 
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between ooplasm and periplasm which is maintained ir.rj 
maturity, while before zonation such a differentiation did r.v 
exist. The process of differentiation is gradual, and a series 
developmental stages has been obtained which seems complete 
This period is the only one where the ooplasm possesses ver. 
few nuclei or none, and it is impossible to regard it as bein 
period later than stages which present zonation and also conu 
50-100 nuclei {figs. 68 , 69 , 70). The development of the 
antheridial tube is such as to lend strongest support to t x 
sequence above indicated, since the tube is shorter in stages p* 
ceding zonation and longer in stages following it (see platesi. 
thus affording strong corroborative evidence. While the diatr 
entiating line is characteristic of zonation the paucity of nu-.- 
in the ooplasm is equally so. The sharper the differentia 0 
the fewer the nuclei, and when zonation was very definite uoa 
could be found, and it is probable that when this stage is ^ - 
highest development there are no nuclei in the ooplasm. T c 
is some evidence, however, that makes it seem possible 

t L f * ^ ' 

and even two spindles sometimes remain in the ooplasm, u 


is uncertain. 


No mention has been made, as yet, of the division of then 
of the oogonium. This mitosis closely accompanies t e p 

of zonation as is indicated in most of the figures. These two ^ 
apparently take place nearly simultaneously, 
prophase is typical in such stages as are shown 


The earn* 

A 


60, 61. 


At the time of complete zonation 


the nuclei 


are 


metaphase and lie close to the line that separates 


the oopi 


l*. 


(fl 


Spindles are frequently ^ 
1 . ., .. nole 


that actually' cross this line at right angles, so that one p 
in the ooplasm and the other in the periplasm 



h 


61 , 1 

9 

rtant i £ 

Tb< 






# • k* 

01 


The mitoses that take place at this period mark an imp 
characteristic phase in the history of the oogonium 
dividing nuclei that lie tangential to or wholly ° uts ‘ ^ 
boundary line between the ooplasm and periplnsm 
daughter nuclei in the periplasm. Each of the s ^* 

cross the line {fig. 66) gives one daughter nucleus to t 


indies 
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and the other to the periplasm, and the line of differentiation is 
sharply defined and unmistakable. Nuclei may be observed in 
every phase of this mitosis, and the daughter nuclei may be 
found in all stages of reorganization, one of each pair in the 
ooplasm the other in the periplasm. The writer was unable to 
detect any difference between the mitoses that occur strictly in 
t ie periplasm and those that contribute daughter nuclei to the 
oosphere. As a result of the division a large number of nuclei 
5 into the ooplasm, thus producing a multinucleate cell con¬ 



fining by actual count an average of 45 to 55 nuclei (not 

ess than 40 or more than 60). The oosphere is thus a coenocyte; 

instead of the uninucleate cell which one would expect there is 

01 nd a multinucleate structure, to designate which the writer 
nav used the term compound oosphere. 

Because of the importance of the anomalous compound 
spheie and the peculiarities of its development, it seems best 
0discuss at length difficulties that might be suggested. It may 
c aimed that a mistake has been made in the sequence of 
' en ts, an d that the multinucleate condition of the central 
. n does not iollow, but precedes zonation. This objection 
- va id, for four reasons: (1) the sequence is complete up to 
j r ^ tnere is no place for a multinucleate central region 

j s SCr,es ’ ( 2 ) the studies in cytology make it certain that there 

ne simultaneous mitosis of the oogonial nuclei, so that the 

of flip j * ® 

lvls,on serves as an index of the age of the oogonium, 

. "S’ an y misunderstanding of the sequence impossi- 

^andinr ^ * n ^ er I )re ^ a t* on presented is necessary to the under- 
4) th^ i S ^ a ^ es that are positively and unmistakably older; 

correlate eVe ^°P men t the antheridial tube and central body 
*' . ^ ^he views presented. It would seem impossible 

that tk bta ^ e ‘ n seriation has been made. It may be claimed 

the daughter nuclei HHBI 


thu s renderin 


that 


tn but w 


seen in the mature oosphere are not 


evidence, t CrC Carr * e d * n by the knife. There is abundant 
often lie' 0 Con * :rovcr t this claim, for the nuclei in anaphase 

must have b SUC ^ P os *^ ons that, if carried in by the knife, they 

een Carr ied in two opposite directions by the same 
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stroke. It maybe well to state that specimens of every structu 
or stage represented or described in this article are preserve! 
not in one, but in several mounts, and for most of the import::.: 
stages in many preparations. No isolated or single fact is any¬ 
where used either to support or destroy any theory. 

With the entrance of the nuclei differentiation of the oospli: < 
is complete. The ooplasm is of very fine, even texture, tnadt 
up of such small meshes that the vacuoles are never more tnai 
half the size of the nuclei, and there are no prominent grant.e 
or oil drops shown by' the Flemming stains at this time 
bp). The periplasm is loosely vacuolate, the strands areotu 
granular, and the nuclei are frequently at their intersection 1 

often in bunches. 

The nuclei of the antheridium usually divide simultaneously 


with those of the oogonium, this being so 


constantly true th 


from a glimpse of one organ the condition of the otherco 

be predicted. No difference between mitosis in the oogonium 

and in the antheridium could be observed. At the time of tht 

differentiation of the oosphere the contents of the anthen 

tube stain deeply', but it has not been possible to denion?tra 

nuclei in its interior at this age. When the nuclei lint up 1 

paratory to zonation the antheridial tube has usually penetri ^ 

the periplasm almost to the outer boundary of the oosp* 

and as it later pushes into the oosphere, during the t e0 P 

of the mitosis, it somewhat indents the boundary fi 

two antheridial tubes peneto™! 

the periplasm from opposite sides, but neither had 
the boundary of the oosphere. Another stage was o 5 
where an unemptied tube lay tangential to the oospher 
apparently' the unfavored of two competitors. Still ano 

\ * * i vverc 5,1 

presented a stage of fertilization in which two tunes 


oogonium was seen that had 







L 


taneously opening into one oosphere. 

Minute globules of brownish color are 


to be seen 



the 


1*0 


arliest development “ 


cytoplasm of the oogonium from its ea 
zonation. In all early stages they' are indefinite m n 


ni hef 


m. 4 


irregular in size, but seldom larger than one 


of the n uc ‘ 
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•Vhen theooplasm is first differentiated it possesses a small num¬ 
ber of these globules which are irregularly distributed. At this 
time and in earlier conditions there is nothing to indicate that 
these structures have any peculiar significance. In their color 
;nd form they suggest minute drops of some oil-like substance 
the has remained undissolved under all the treatment experi¬ 
enced by the preparation. However, at the time of zonation, 




a>1 in certain later stages, there is only one such drop or 
where there were previously several, and that one is always in 
•he geometrical center of the oosphere, and is surrounded by a 
differentiated region of cytoplasm [figs. 6q—ji, 74). Whether 

1 ' not ^is one central globule, which is a constant feature of the 
oosphere from zonation until just before fertilization, is developed 

• a ^ us ' on of the drops previously present could not be deter¬ 
mined with certainty. This is strongly suggested, however, by 
appearances like those noted in Jig. 75, which was drawn from a 

)oung oosphere, and seems to indicate that several minute drops 

fusing to form the central globule. 

Astheoosphere matures thecentral globule remains unchanged, 

! constanc y in size being very remarkable; but the cytoplasm 
®niwdiately surrounding it becomes more dense, although still 

^hadinv awav npri^i.,0.11.. i_1 ,1 . / /- .. 


In J 6 v cowa *a tne outside \Jigs. 41 , 09, ji , 74 ; 

” a stages observed this globule was surrounded by the remarka- 

e=l ' on ( l°nse cytoplasm which differs from ordinary ooplasm 

that it * ; : “ ^ «• gji 9 

rains more darkly and contains fewer vacuoles and 

nuclei. VVb^ 

^ Ln tne whole central structure is at its maximum 

’ 1 ment it is a very conspicuous object within the oosphere 
^ There occurs also further slight differentiation 

the st- asm in the immediate vicinity of the globule where 
mrie ^ a ^ cn more faintly or has a yellowish tint. This 

1 fj rr , also shows a radiate structure under the low power 

ln dra . highest magnification, such as that employed 

n 'h - / " / diameters), failed to demonstrate defi- 

ciosphe . / 1 s hows in detail this peculiar region of the 

re ?ien of* ,° U ^ S *^ e * s the vacuolate ooplasm, then comes the 

ense cytoplasm with few vacuoles, and finaljjTvitl flt& 
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center is the opaque globule immediately surrounded l\ i 


lightly stained zone. After reaching the condition of max;ni.r 


development the structure rapidly loses character. di>: 


pearing entirely just before the antheridial tube discharges i:> 


contents. 


A summary of the history of the central structure may 


given as follows : it first appears in zonation, and reaches 


maximum development when the daughter nuclei of the tirs; 


mitosis pass into the oosphere ; after that it rapidly degenerate 


although traces of its presence sometimes persist nearly to t< 


time of fertilization. A body of apparently similar nature ■> 




mentioned by Wager as occurring in the oosphere of A.o 


and my own as yet incomplete observations on that species 


i id¬ 


eate that the body seen in A. candidus and the central g 


• ♦ 


A. Bliti are homologous structures, although they differ 



certain details. I find also a structure very like the one 


abo' 




described in the oosphere 


Tragop\ 



and believe that we have here an organ of the oosphere, p 1 


erhap: 


# ip 

regularly present in the whole genus Albugo, if in 


oospheres of other related genera. It appears with sue 


h e 


n 


stancy at certain important stages in the life history of the-, 


cies, and passes through such a definite course of deveop® 




that its presence seems to be of importance 


May it 


not he a 


organ, of the coenocytic oosphere ? 1 

It should be called to mind in this connection tna y 


appeared just before fertilization. 


noted in each of the numerous oospheres, in certain spe 

r 1 hodv IP** 

the Sai)rolegniacea; and Peronsporeae, a central ; 

Various interpretations * 

been given to such structures by different writers, ear ) 

Dangeard supposed »* to 

but Wager thought that Dangeard was probably i* 115 
that the structure is truly a central body' such as he ^ 
found in A. candidus. The descriptions and time of app 

I j • iUp 

make it seem quite possible that the body note i 


ers mistaking it for a nucleus. 





1 Mr. Swingle expressed such views at the meeting of the 





Morphology and Physiology at Ithaca, December 1897* 
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legniaceae may be homologized with the central globule of the 
oosphere of Albugo. 

It is premature to discuss the function of this body until its 
relations in other species have been closely studied. As described 
fr\ Wager it appears to be intimately connected with the behav¬ 
ior of the sexual nuclei; but there appears to be no such rela¬ 
tion in A . Bhti, where its function is perhaps that of an organizer 
' n oosphere. The body first appears when the oosphere is 
well defined and is most highly differentiated during the entrance 
the daughter nuclei. At this time also occurs the formation of 


• ! th>n film of denser protoplasm which definitely bounds the 



ere. A 


great dynamic change occurs in the oogonium 


when the ooplasm and periplasm are differentiated and the zone 
0 cytoplasm separating the two regions is formed, and in addi- 
thcre is that remarkable division of the nuclei in such a 
n ner that approximately fifty daughter nuclei are always cast 
the ooplasm. Simultaneous with these activities, existing 


* hen they are at thei 


r maximum and disappearing when thev 


in ch* *” Cre * S ^ orme ^ peculiar structure, which is so definite 

ra cter and so constantly present that it seems to have some 

functional importance. 


i f, gical ^ mor pf 10 i°^i ca l character and possible physio- 

thc • a Ue central structure to the coenocytic oosphere 

*• ne Ver *tures to propose for it the name ccenocentrum. It 

ar ^ ere emphasize the difference in structure between 

nuclear 6111 " 111 and a nucleus * The globule is distinctly not a 
s Uins ^ S muc ^ smaller than any nuclei that were seen 

er entl), and is structureless and unchanging. Th< 


c <enoce t atrucrureiess ana unenanging. me 

s ince thes ^ Canno ^ a nLlc leus with the globule as a nucleolus, 
or itc !• . mas,ses ^ a »l to have the internal structure of a nucleus 


There is no definite demarcation 


membrane - 

7/, urr ounding ooplasm, as is plainly shown in Jig 

/•ti 75. 1 J 

In f ■* - * 

unknown 'tm^ 1CF struc t u res are shown, the nature of which is 

11 • 1 hev - -- 


uted i 


>n the 


c 


y nre small granules which lie profusely distrib- 
>toplasmic strands in all ages of the oogonium, but 
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are particularly noticeable in the fine meshed area of the 
oosphere. They do not appear when stained in the ordr ~ 
way bv Flemming’s triple stain, but seem always present and con¬ 
spicuous if stained by Heidenhain’s haematoxylin, when t.'Sfv 
are black ( fig. 75). A haematoxylin preparation when bleach'd 
and restained for a long time in safranin shows numerous ro . 
red bodies in the same position. In appearance they are a trifle 
longer than broad and often double, as though two were lyi 
end to end, reminding one of large bacilli. It does not im¬ 
probable that these coalesce to form the central dot, as ru¬ 
be suggested by fig. 75, since they have a different reaction to 

stain. 


SIMULTANEOUS MITOSES IN THE OOGONIUM. 

During the differentiation of the oosphere the nuclei in tlx 
oogonium divide once (figs. 5 8—62 , 65—67), the mitosis occurring 
about simultaneously for all of the nuclei, cases of indepeo f 
division of single nuclei never being found. Almost invariab} 
oogonium in the condition of zonation presents the n 


(A 


In eanic 


v_; 

metaphase, or just passing into -!- „ -- ^ 

stages, just before zonation, when the cytoplasm is ,Tias ‘ 
one or several centers, the nuclei are usually in propha.e j. 
59-62), but metaphase may be present even as ear) * s 

1 * r . fViot anapv* 

beginning of this process (fig. 58). It is apparent ‘ ^ ^ 

is never reached until after zonation, and that the mitose . 
when the cytoplasm commences to collect in masse ^ ^ 
nuclear division always occurs when the antheridia t 

the position shown 

differentiation of the oosphere would take place rap 

r . ,_ 


prior 



w. tuc .- r nuclei tro* 

consists merely in a floating out of the vacuoles an ^ y 
the interior region of the oogonium, but mitosis is p ^ 
less rapid. If changed conditions should hasten or 
process of zonation, one would expect a variation 
exist in the time correlations between zonation an 


such as 


BBrhe spirem condition of the nucleus has been 
the other stages of nuclear division have not been co 


describe 1,1 

sidered 
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detail. Preparatory to the formation of the spindle the nucleus 
elongates, its membrane being pulled out in two directions, while 
the chromatin collects in minute globules in the linin thread. 
These are at first irregular in size, but gradually become less 
numerous and more uniform, presumably fusing with one another 
until a small number of nearly spherical bodies, the chromosomes, 
ire present in the nucleus. Fig. g shows a condition with the 
chromatin granules and the linin network still evident, while in 
H -5 the linin strands have almost disappeared. As the chromo- 
'Onies perfect their organization they approach the equator of 
tie now elongated nucleus {fig- d), and there appear at the 

two round bodies which lie within the nuclear membrane. 
• •e.ve bodies stain red with Flemming’s triple stain and are 
c,)nsta ntly present at this period of the prophase. Although 
l *ot observed earlier they persist and become more prominent 

^HI little 


In the later stages. 


The spindle fibers first appear a 


tr a * die poles of the elongated nucleus, from whence they 
5ccm t0 toward the equator. They are entirely intra- 

ear * and there is a distinct space between them and the 

c ear membrane {fig. 9). The chromosomes are at first irreg- 
d\ scattered throughout the equatorial region, but when the 

i, roni i a ^ c becomes more distinctly developed they group 

es into a nuclear plate and divide. As the chromo- 

. S arc nearl V spherical and very small it was impossible to 

me the manner of their division. The mature spindle 


is in 


*ith h 4 C ^ Cclr re &* on * distinctly inside of the nuclear membrane, 
rri st \\ bodies very definitely outlined. That these bodies 

. re g ar< Ted as centrosomes is evident from their constancy 
ana' K* am ^ er ‘°d' s °f the mitosis, e. g., from late prophase to late 


" na pha$e. Rein 


or 


n udea 


intranuclear, it is not surprising that extra- 


adiations should be absent, and in fact the only radia- 

are the spindle fibers. These structures seem not 


L °ns present 
to hav 


gj previously described for this group of fungi 

nuc lea ^ b fi° w a condition very commonly seen. The 
at the c CtT1 ^ rane prominent, the chromosomes are massed 
er * '*-• r the sjiindle fibers are very slightly or not at all 
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differentiated. The dark strand shown in the lower half of 7 
8 is probably like the less conspicuous one in a similar poskoi 


fig 


Both may be considered as the remains of a spu.* 


thread, such as is shown 


fi< 


Pig. y is open to a sir.: :c 


explanation. The difference in the shape of these two figur:- 
noteworthy, since it is probably due to their position in r 


oogonium 


fig. 8 lay in a strand of per 


plasm which supported an oosphere, similar to the strands * 

in fig• 6 2 • If is probable that the length of the spindle i> du 

to the tension to which it was subjected. Fig. 7 was i roni ‘ 
crowded bunch of nuclei, and could not elongate. The anpa 
ance shown in this figure might tend to support the idea that - 
spindle fibers are formed from the linin thread, a view erittf 
tained by Wager, but disputed by Berlese. The question p rc ^ 
sents so many difficulties that the writer does not feel warrant 

in expressing an opinion. 

The nucleolus at the time of late prophase b sometiffl 
small, but often quite as large as when the nucleus is 
spirem condition. It may be found throughout all stages ^ 

mitoses. Fig. 12 shows the splitting of the chromosomes. 



__^ condition immediately h' lter ^ 

membrane is still intact and encloses the nucleolus whic ^ 

outside of the spindle, and the centrosomes are at their m _ 

definiteness. It is interesting to note in passing ^ ia * ^ 
nuclei lying very near to the antheridial tube are usua , 
a full phase in advance of other oogonial nuclei m 


I ^ ^ m. ~1 : 

fact strikingly apparent when the majority of the nu 


art 


metaphase. 


t 


The chromosomes, after the division of the nu 


move poleward with unequal rapidity, the poles 


lose their 


character, and the nuclear membrane is no longer 
boundary of the nucleus being 


visible 


Drane 1 . u fiber* 

marked by the ^p* nc ^ 


(fig 


With the loss of the membrane the w 


hole nu 


VV1LU LUC Ul L11C * the p r 0 r‘ 

structure assumes, and retains through later sta-, > Lj e j 

• lorlv noti cea 

of staining more darkly, a character particuia ) 

. Iirt*)' 


the regions where the chromosomes 


{fig- 
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The nucleolus may travel poleward with one group of cliro- 
n .somes, or break into two, either at this time or earlier, thus 
a.lowing a small nucleolus to go to either pole. It is easily dis¬ 
tinguished from the chromosomes by stain reaction and usually 
a so by its size. At this stage there is at each apex a round 
My of the size and shape of the centrosomes, but scarcely dis 
yguishable from the chromosomes except through position, 
hhen in very late anaphase faint fibers may be seen connecting 
the daughter nuclei {figs. 15, 16). When the chromosomes 


f each the end of the spindle they become indistinguishably min- 


{fig 


nucleolus often stands out 


Ver >' disti nctly by virtue of its color and size. 

After the two groups of chromosomes are sufficiently^ sepa- 
0 the spindle fibers collapse in the middle {fig. 18), and the 

^ nUC ^ b ecome distinctly' organized. Each rounds off 
tin C ° n ^ a Ds a dark somewhat crescent-shaped mass of chroma- 

e ndi * C SI< ^ C 1S turned away' from its sister nucleus. This 
wh-n 10n ^ °^ en ve O noticeable in the differentiated oosphere 
dark Mf ^ au ^ ter nuclei may be observed, each with its 
fer to s , Centerwar d' The explanation of this condition is not 
d _k ^ ^ sister nuclei lie in the periplasm with their 

mitotic fi * Urnc< d °utward, plainly showing that the former 

from >L across the line that separated the ooplasm 

'fom the perinla^m mi r . r 

of .l 1 * In * -tnese conditions present strong evidence 

WhetiT* ° f the nuclei in tlle oos phere. 
manent CF ° F n °^ centrosome of Albugo persists as a per- 

to ^wer ^ ° f a ( l ues ti° n that as yet is impossible 

in the re t' lestruc ture so prominent at metaphase is not seen 
niiffir n, 11 ^ nuc ^ eus ; the conditions, however, are such that it 

6 4 ^ 1 pviQi 1 • 1 j 

unnoticed t • lldden amon g the chromatin granules and pass 
Uc r ativ. •, 1S SO sma d and its stain reaction so uncertain that 

\f V ' dence » valueless. 


The ftaoe U valueless. 

the condif 0 t e spindle figure may be greatly' modified by 
Phase r,r ’ example, if the nuclei happen to be in pro- 


ions • r 

'€ nr ’ ° r exatn ple, if the nuclei happen to be in pro 

^ s i::x: s : wben 

c ue to the movement of the protoplasm seems 


the centripetal rush of cytoplasm 
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to act conjointly with the normal elongating forces, thus pro¬ 
ducing extraordinarily long spindles ( fig. 62 ). On the con¬ 
trary, if the nuclei reach the border of the central mass in 
earlier stage of mitosis no such forces obtain. Spindles cat. 
in the first massing of the cytoplasm are often distorted ■.'£ 
bent like the letter f, owing undoubtedly to torsion caused b» 

flte vacuoles as they move outward. 


MATURATION OF THE COMPOUND OOSPHERE AND OF THE 


ANTHERIDIUM. 


iitt 


that fust observed in the oogonium. 

& 


The multinucleate or compound oosphere when complf 
differentiated contains by actual count an average of 4 . ; - : 

nuclei. These are lound in various conditions of- c 

following the mitosis at zonation, and they rapidly assume 
t\ pical condition of a resting nucleus, each showing a prontiiR- 
nucleolus and very faint linin network. A nuclear membrane * 
sharply differentiated. Presently the linin network beconifi 
moie prominent and a spirem condition is reached, ven 

A mitosis now occflflSj 

the oosphere affecting all of its nuclei, and is similar n * 
important details to that just described for the oogunin® 

figs. 22-30. The nuclear figure stains 
mote faintly than that of the previous division, 
appearing lighter and skeleton-like in comparison with that* 
the first mitoses. The only’ other important differences 
able are in the more pointed anaphase and telophase 6?^ 

figs. 28-30 with figs. 14-18. The spindles are •*» 

the fw* 

Mr* 

pi? 


as illustrated 


the 



{fig‘ 3 °)f and this fact renders it easy to detect 


tion of the new membranes around the daughter nS c ^ c *H 

collapsing spindle fibers. The daughter nuclei round 0 
into a resting condition, and are ready for fertilization. 

While this division proceeds in the oosphere a sinid ar .j 
occurs in the antheridium. Since the antheridial nuC ^ e .p 

simultaneously with the oogonial nuclei, passing into the ^ 
condition, and are found in mitosis when those of the 0 
divide, it is evident that they undergo two divisions. 
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to note that the two nuclear divisions in the antheridium 
nd in the oogonium are similar in character and proceed simul¬ 
taneously. The antheridial tube at the time of the differentia- 
4 ' y, i *** e oosphere lies in the periplasm, with its apex close to 
iic bounding film of the oosphere. It now pushes into the 

oosphere, increasing in diameter as it advances. It'takes safranin 
# 

start greedily trom this time until it discharges its contents, but 
if the stain be thoroughly extracted in acid alcohol and the 
preparation treated with gentian violet the contents become 

41 _ 

The tube when fully developed is seen to contain numer¬ 
ic? \ , 


dear. 


011s nuclei. 


A 


” s con d*tion. It will be seen that many nuclei are massed 
car the tip of the tube and that others are apparently entering 

fnA L_ ▼ * _ * 


the base. It 


is imj)ossible to determine their number by 
-uuaj count, owing to the crowded condition {figs. 77, 85, etc.). 

vrever, as theie are about 35 nuclei originally present in an 
^heridium, and these divide 


twice, there must be altogether 


t 140. Of these, 20 or 30 perhaps remain in the anther- 
Thp P r ^ 0 P ei i leaving a little more than 100 to pass into the tube. 

the oosphere 
{fig- 70 ), and arriving nearly at the 


Ti * ' -111UIC Llltlll 1 UU LU Ud 5 i 

ntheridial tube pushes toward the center of 


cnt • , \j & / ~ j * >***5 ‘j 

,j 0n 1 s tl P swells, becoming nearly globular. In this condi- 

h- . 1 C en ^ ^ le tu be is covered by a very thin wall which is 
1 ' e ’ anc ‘ y e ^ holds within a dense mass of sperm nuclei 



ch n ^ C ma ^ e nuc ^ e * enter the antheridial tube they possess 
they b e aC * erS resl: ing nuclei, but as they approach the tip 

an terior ° me . ova ^» an< -f later pointed at both ends, and the 

D . * S seen contain the nucleolus around which is 
, - staining substance, probably chromatin. Figs. 

that whicl"* 8 UUC ^ e ^ ^ rom both the base and tip of the same tube, 

1 lb hlustrated in fig. yj. I n the narrow entrance and 

are necessarily arranged in 

massed in 


Sin - thC tUbe the nUClei 


'icn 


se 


as J ts diameter 


enlarges they become 


it 


re mind 


ma° U ^ S ’ an< ^ t * le * s so closely packed with nuclei that 

forcibly of the appearance of a raspberry with its 
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drupelets {fig. 77). Two sections of the same antheridial tube 
are shown in figs. 77, j8, one at the tip showing numerous nuclei 
surrounded by a very delicate membrane, the other near tie 


base giving a view of the narrow nearly empty cavity and ' : 
thick wall. As the tube enlarges the protoplasm in the ant ir¬ 
idium proper becomes more and more vacuolate, but its content 
never entirely leave the structure {figs. 80a, 86). Then* 
separating ooplasm from periplasm is but slightly if at tli 
changed by the entrance of the antheridial tube and during tr,; 
maturation of the oosphere. The periplasm likewise shows n|> 
important changes. Some of its nuclei divide mitoticallv. be 
the number does not seem to increase materially. Most of the.. 

in a resting condition. One case was observed "f.t•• 

& . . j. ,; s , 

every nucleus in the periplasm was undergoing mitotic an ^ 
simultaneously with those of the oosphere, but this mus 
regarded as a very exceptional instance. 


remain 


FERTILIZATION. 


The conditions are now ripe for the act of fertilization. 


Tfc 


female nuclei resulting from the mitosis in 

o 


the oosphere, aW’* 1 

100 in number, are in resting condition. The antheridial 
filled by an approximately equal number of male nuclei, an 
tip has swollen so that the contents are separated ® 

ooplasm by only the thinnest of walls. The wall fi na ^ , 
ishes and the contents of the tube are free to mingle w g 
cytoplasm of the oosphere {figs~ 82). The sperm ^ 

move through the ooplasm toward the female nuclei, 
being often marked bv a streak of denser cytoplasm. 


nuco 


■ ft x | 

no visible cause of this movement, but as the male an 1 
pronuclei differ in form a chemotropic influence ma) p^ 
safely inferred. Longitudinal sections of antheridial 
80, 82 ) sometimes show the nuclei pouring out, an * r .. 
or oblique sections {figs. 84 , 85, 86, 77, 7^) 


corro 


borate 




all 0* 


proof of a discharge of many nuclei. There is m ir ei ,v " 
sections unmistakable evidence of a multinucleate disc a. 


the* 
fro* 


the antheridium into a multinucleate oosphere 


Sections 




1 7 1 
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antheridial tube similar to those figured, both transverse and 
pngitudinal, are not uncommon in the writer’s preparations, and 


was 


v bee n carefully studied. No antheridial tube 

found which gave any evidence of the possibility of the dis¬ 
charge of but one functional sperm nucleus. 

When the sperm nuclei emerge from the tube their nucleoli 
are in the anterior ends, and later there appears prominently in 
the same region a substance that stains like chromatin. As the 
sp'.rni nucleus approaches the female nucleus a faint linin net- 


first come 


{fig' 


When the sex nuclei 


m contact the male is the smaller, but later they 


become approximately equal in size. It seems probable that the 
female nucleus actually decreases slightly in size during this 
equalization. The nuclei do not immediately fuse, though both 
c apparently in lesting condition. All stages of fusion can be 

eass y observed. The sexual nuclei 


are pressed together, the 
a spherical form, the bounding 


J perm nucleus first assuming 

o --——- mmm f 

ranc disappears at the point of contact, and there results one 

; umb- bell-shaped 


(fig 


As the coalescence 


becom -V-/ 1 * 0 - J/* ™ L1,c tudicstcm-c 

es more complete the fusion nucleus takes on a spherical 

and presents the structure 


detail 


of a resting nucleus. 


ft re £ ar ding the fate of the linin network were obtained, 
owing to wj ti . ■ u, , SrHffp 

L extreme minuteness of these structures and the 



difficulty 

iu 


in 


35 


staining them in a manner adequate to 

s *>wne . 7 Fusion must be a process of extreme 

from the advance made in other structures of 

A I"' duri "g *» consummation. 

irina V * evv an entire section of an oospore during the 

»“">ber 0 „ f t eSeXUa ! nUClei is shown 

an avp lrs ,n a ^ °f the sections 

^erage of about^Hl^^H 


fii 


A count of the 


of such an oospore gives 


jperm n 1 . I0 °- There seems to be a slight excess of 

ing the fu occas ‘ ona l small unpaired nuclei are found dur- 

antheriri; ° n s ^ a ^* e * there are also several nuclei left in the 

" ,d,Um proper and i 


°ospor e 


tube :zz 


in the base of the tube. Sections of the 
clei are fusing present no trace of the 
of its wall, although it is easily traced 
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through the periplasm {fig. 91 ). 




Judging from this conditio 

the terminal portion of the tube must vanish immediately after 
giving up its contents. The portion imbedded in the periplasm 
becomes thickened, resembling the primitive wall; but it >eem> 
never to attain the character of the mature epispore, as i? the 
case in so many other species of Albugo. Indeed, no traces 0. 
the antheridial tube were ever seen in ripe spores. 


The character of the ooplasm 


changes when the 



tube opens. As may be seen by com paring fig. jo with Jigs. H 
82, 84 , 8j the vacuoles increase considerably in size and becoirt 
irregular in form. The most striking feature of this later condi¬ 
tion, however, is the tendency of the contents of the oospherc 

to break away from the periplasm {fig. 80) , a phenomenon neve 

This indicates that changes haw 


met in younger stages. 


miasm 


occurred at the boundary between the ooplasm and perij 
Indeed, it is at this time that a true wall may be first observe* 

around the oosphere. It will be remembered that previous!) - 

A 1 j I Vafc fil® 

periplasm and ooplasm were separated only by the deiiu <• 
that appeared during zonation ; but now for the fust time a 

\ ^ # ,fiKifriijh 

tinct wall is present around the ooplasm, and its adve 
to be correlated with the opening of the antheridial tube. 

The wall occupies precisely the position of the h ni ^ ^ 

the ooplasm and periplasm, and is probably formed by a ^ 

development of that structure. Its intermediate position 

' ■ • /•jinnCCtH'* 4 

the oo[)lasm and periplasm and the apparent organic 
with both leads to the belief that it is the product of tic ^ 
action of both regions, rather than of either ooplasm 0 ^ 

plasm alone. Since this wall remains perfectly distinct r 


walls that are formed later, it will 
tive wall. This term is used 


hereafter be called the^ 

simply for convenience® 


Further study of related forms may establish 1,0 ... 


paper. 

m 

homologies and lead to further classification, 
wall is very clear and homogeneous in structure, 
striations, and show's great regularity of curve 


The p 

entirely " ll 

and th 


1 



From this time on the condition of the developing 
as an index to the age of the oospore. 


walls s 
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A stage ol somewhat frequent occurrence is shown in fig. 8y. 
Judging trom the presence of the primitive wall, the character of 
the ooplasm, and the absence of the antheridial tube, it must 
tollow the opening of the latter, and since the nuclei are not yet 


paired must precede the condition 


A 


There are 


’AO possible explanations for this condition, consisting as it does 
# 

<'t an oospore containing several groups of nuclei, each cluster 
imbedded in a mass of denser cytoplasm. Perhaps these nuclei 
are gathering the cytoplasm about themselves, a phenomenon of 
rather frequent occurrence with sexual nuclei; or it may indicate 
he breaking up of the mass of nuclei and cytoplasm that was 


released from the antheridial tube. 


The latter explanation 


seen];, more probable. If it be true, a stage similar to that 


hese 


Ag 


The 


masses of denser cytoplasm. 


previous pages have dealt entirely with descriptions of 
f e antheridial tube, the discharge of its multinucleate contents, 
the subsequent fusion of 


sexual nuclei in pairs 


For the 


** c of completeness, and in view of the peculiarity of the con- 

tions and the general, if not universal, belief in a simple pro- 
of fertilization, involving only two sexual nuclei, it seems 
fable to discuss the possibility of such an occurrence taking 
e in the oosphere, together with the events already described, 
simp e fertilization predicates the existence of one female 

nucleus in * ■ * . . ,'i ■, 

^ °°sphere and one male nucleus in the antheridium ; 
j are eit * ler a lone, or if with others at least different in struc- 
al j on Unction from them. Subsequent to its final differenti- 

^ both antheridium ij HR iMilHMHi 

Dut neith . v-w*.vw*,* 

r con ' :a ‘ ns a single nucleus differing in appearance from 


At a later 


and oosphere contain about 100 nuclei, 


the other 


t h r Crs ' a uninucleated oosphere exists it must be before 

s jl 0 f, ere ful, y differentiated. A glance over the drawings 

s that nn ci.^u _, , . . _ 

Sr 


glar 

such uninucleate stage is represented, nor was 


re ever i- - * v 'r*'- 7 

rnoc» . e hghtest hint of such a condition found during a 

JSl Persistent 


s uch 


That 


Cou ld have 


search, involving hundreds of oogonia. 
existed and escaped observation seems very 
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improbable. The impossibility of the central body either bein: 
or containing a nucleus has been sufficiently discussed on i 
previous page. The search for the single nuclei proved in vm. 

The refuge left for an adherent to the idea of a simple fertili¬ 
zation, involving only two sexual nuclei, lies in the assumption 
that the nuclei of the compound oosphere {figs. 68, 69) bait 
descended from a fusion nucleus, which, owing to its rapidity * 
development may have escaped observation in earlier condiuur-. 
That is to say, fertilization might have occurred at a stage sinii- 

- - A A A a ■ 1 1 • 


fig 


If this were true wi 


would expect to find the ooplasm presenting 2, 4, 8, 16, 3 2, (3 *’ 
etc., nuclei, in stages following the division of such a hi'. - 
nucleus. As a matter of fact no such conditions were eitf 
observed, or is there the slightest evidence that they could be 
present. The oosphere when first differentiate^. contaiw^^B 
nuclei, derived from the mitotic figures that line up in the mau 
ner shown in figs. 64, 6j. This number is increased ^ oa ^ )0U ^, ea 
by the mitoses in the compound oosphere {fig • 7 °)’ al1 
comes the observed act of fertilization ( fig- #5), the dis 
from the antheridial tube of a large number of sperm nuc ^V f 
the subsequent fusion of these in pairs {fig- S8) with t e e * 
nuclei. Previous to the act of fertilization the antheridi 
gradually fills with nuclei as it presses deeper into t e °°P^ 
There is of course a time when the tube contains a single d ^ 
but this is when it is about one third the size finally rcac 




I 




long before it shows any indication of opening. 


It is true that very early in oogenesis the dense c-J^ 

. - • ma n and vei) 


topla 5ffl 


the interior of the oogonium may contain a s 
able number of nuclei, as is shown in figs 
can be no doubt that these conditions re 


t *3 fl* 
\ ft** 


But th« rc 


■■■■■■■■■■■■■Iresent part 

v*clu uv- liv-r vi' nun mat intot 1 v I 

ess of zonation, and they have been discussed in that s 

this paper headed “Differentiation of the compound 

It is very probable that stages similar to these might ^ ^ 
where there is only one nucleus left behind in the oos ^ ^ 
j^rocess of zonation, but the condition of the antheri 1 ^ 

all 


1 -- . I 

the further history' of the oosphere show that t 
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time when an act of fertilization could possibly take place. 
Moreover, when only one or two nuclei are present they are 
always peripheral , which would not be expected if they resulted 
by the division of a fusion nucleus. Again, these scattered 
nuclei are always in the same condition as those near the 
utside of the developing oosphere, and this is almost invariably 
a metaphase of mitosis. This coincidence is inexplicable on the 
basis of their being the result of the division of a fusion nucleus, 
but it follows as a necessity from the explanation offered in this 
paper. If they are the product of one nucleus, which has under- 
?’ nc three or four divisions, we have to assume not only the 
existence of the sex nuclei, their fusion, and the fusion nucleus, 





t also the resting, prophase, telophase, and anapha 
m the formation of 2, 4, 8, 16, and 32-celled stages. An anaphase 
nucleus is never seen in an oogonium except when the nuclei 


[fig 5 - 7 


-—mo IC> „cvci seen in an oogonium except wnen me nucici 
hide simultaneously either during the first or the second mitosis. 
e first anaphase always occurs when the general appearance 
diat shown in fig, i. e., when the nuclei are completely' 
•ined up and the ooplasm is well differentiated. The second 
appears in the* oosp>here after its complete differentiation 

* ' s impossible that the 50 nuclei of the oosphere can 
a 'e been derived from a single hypothetical fusion nucleus. 

^ f attention is turned to the antheridial tube it might be sug- 
h fertilization could take place at an early' - period, when 

conditions are like those shown in figs. 62, 64. But it is only 

a’,. SSar -^ make plain the fact that the antheridial tube is 
*ion"'h' Cr ' S ^ or ^ a * time, and invariably occupies the posi- 
mr l °" n in ^ S " ^ 2y ^ 4 - The wall of the tube is thick, the tube 
cation l ^ C ' er Con ^ a * ns nu clei, and there is not the slightest indi- 

tW • ** * s a f a H ready’ to open. If it be assumed, however, 

n ucleus ' relCaSe ’ m some manner difficult to detect, a single 

^ <l ^ ' s really the male nucleus, and which fuses with the 

*bc (W 'I* 1 ™*' ^ ow can th e continued growth of the tube and 
4$ °Pment of such peculiar conditions as are shown in figs. 

tube con^’ $ 2 ' ^ 3 * etc., be explained? Why does the 

nue to grow after functioning only to meet the difficulty 
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[sErtfv.u., 


of disposing of its comparatively massive body and numerous 
nuclei in the ooplasm ? Why do its nuclei later assume 

specialized form, resembling sperms [fig- 85)? 

In considering the positive side of the argument, in favor of 

a multinucleate fusion, no step is left to be filled by assumju 0. 
All of the stages were seen repeatedly and the correlations arc 
perfect. The antheridial tube opens at the culmination oi . 
period of gradual development which has been completely tr.r A 
After it has emptied its contents it immediately disappear*. 
The oosphere has likewise passed through a series of remarks, 
but perfectly graded conditions with all the steps of develoJ 
ment clearly shown. Coincident with the opening of the anttur 
idial tube certain marked changes appear in the cytoplasm, * 
oospore wall is formed, the ooplasm immediately becomes® 
vacuolate where it was previously dense and uniformly con 
in character. The discharge from the antheridial tube introd * 
into the oosphere a large number of nuclei clearly different in ■ 
from those previously there. These sperm nuclei ate seen 
positions of exit from the tube, and finally become so distri ^ 
as to indicate with certainty that they r appioach the 

nuclei. | 

At a stage positively' older (judging by r the develop ^ 

the primitive w'all), the oosphere is found full of fusing 1^^ 

nuclei. That these are not nuclei dividing amitotically is P 

by r the number of nuclei in the oospore decieasir 


rather 


y tnu iiuiiiULi ut 111 lii v w w V* ^ ~ *fl 

. . . . j f 1,mUCh ekd> leo 

increasing, and also by r the evidence presented 1 s 


study. 


The University ok Chicago. 


[ To be concluded. 1 




